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(54) Abstract Title 

An electronic braking system, for vehicles, having anti-lock control 

(57) A two channel electronic braking system (EBS) comprises means 40-44 for deriving wheel slip signals 
from wheel speed signals W1-4 and vehicle speed reference signals Vrl, Vrr for each side of the vehicle, a 
single splits detector 48, and a mode control 50 for switching wheel speed and slip selectors 90 between 
'Select Low" and "Select High". Skid detector/controller sections 64a, 64b control the axle braking pressures by 
driving the solenoids of brake pressure modulating ABS valves in each channel. The vehicle operating mode is 
set to "Select Low* until, on any axle when on the first skid cycle, there is split-adhesion determined by high 
slip at one wheel, low slip at the opposite wheel of the axle and at the opposite wheel of a second axle, and 
vehicle deceleration not exceeding a pre-set value in the band 2.5 to 3.5m/s 2 . 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy- 
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DESCRIPTION 

ANTI-LOCK BRAKING SYSTEM FOR VEHICLES HAVING 

AN ELECTRONIC BRAKING SYSTEM 
The present invention relates to anti-lock braking 
systems (ABS) for vehicles having electronic braking 
(EBS) . 

Electronic Braking Systems (EBS) for four wheeled 

vehicles are conventionally organised into four 

channels so that each wheel will have a pressure 

control channel devoted to setting braking pressures 

individually. Lower cost systems are able to offer the 

advantages of EBS by providing only two channels of 

♦ 

pressure control organised on an axle basis and thereby 
satisfying the requirement for a split system and 
allowing braking pressure distribution to be controlled 
in a typical case, by setting braking pressures in 
proportion to the axle loads in static or dynamic 
conditions . 

A two channel system is shown in Fig- 1 of the 
accompanying drawings, to comprise a single 
electrically controlled relay valve for each axle which 
in normal EBS operation set the braking pressures in 
response to the driver demand which is in the form of 
an electrical signal produced by a specially adapted 
brake pedal. As shown in Fig. 1, some systems provide 
axle load measurements made from suitable sensors 
associated with each axle and this allows braking 
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levels to be made in proportion to axle load values. 
Such load measurements are made on at least those 
applications where stability may be at risk because of 
the level of braking demanded or the conditions of the 
road surface . 

However, on slippery roads where the braking 
demand is higher than the road surface is capable of 
supporting, the EBS has to provide an ABS function in 
order to control the wheel skidding which will be 
produced. In a two channel EBS, the ABS function has 
to be a compromise because the individual control of 
wheel pressures, however desirable, is not possible. 
Systems are known in which ABS operation is based on 
axle control and the most common arrangement is known 
as "Select -Low" whereby the speed of the slowest wheel 
on an axle is paramount in controlling the axle braking 

pressure at any instant, so that the first wheel to 
skid causes axle pressure fall and further the last 
wheel to recover is selected in the controller to set 
the brake reapply pressure. Generally, this is the 
safest control strategy since it prevents either wheel 
from locking or indeed from operating in deep slip, 
thereby preserving stability and steerability . 

On split -adhesion surfaces, this strategy favours 
stability at the expense of stopping distance since the 
axle braking pressure is held down to the low-mu skid 
level, thereby preventing the axle from reaching the 
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higher braking pressures which the high-mu wheel will 
stand. Braking regulations require a stopping distance 
performance on split-adhesion surfaces which a "Select- 
Low 11 strategy cannot provide so that the control 
algorithm must be made more complex if two channel EBS 
is to be legal and acceptable. 

Alternative control, with no increase in 
complexity is, "Select -High" where the wheel on the 
axle with the highest speed controls the axle pressure. 
This is good for stopping distance but is not popular 
because the low-mu wheel is always allowed to lock 
since the signal therefrom is ignored. In the case of 
an homogeneous surface, "Select -High" will allow the 
first wheel to skid without taking any action so that 
unless brakes and adhesion are well balanced, wheel 
lock will occur as it will when braking in a bend when 
wheel loading is likely to be different left to right . 

It is a first object of the present invention to 
solve the above -explained problem by more intelligent 
control using all four wheel speeds and other braking 
system data, such as pressures, along with other 
vehicle information, such as axle loadings, which are 
available in EBS systems but not provided in 
conventional ABS schemes. 

In accordance with the present invention there is 
provided a two or more channel electronic braking 
systems (EBS) adapted to control at least one axle by a 
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single control channel and wherein wheel speed signals 
from at least four vehicle wheels are processed in an 
electronic controller, the EBS comprising: 

wheel speed input processors which provide 
accurate wheel speed measurements which are updated 
frequently and regularly and further processed to yield 
wheel and vehicle deceleration signals and a rate of 
change of deceleration signal, 

wheel speed selectors which are switched by a mode 
control to "Select Low" or "Select High" when split mu 
conditions are detected, so as to connect the 
appropriate wheel speed signal as the skid detector 
input, 

reference speed generators which process wheel 
speed signals to form an average reference speed level 
for each side of the vehicle, 

slip detectors which compare wheel speed readings 
with the appropriate reference speed and produce slip 
signals for each wheel, 

slip processors which form a long time constant 
average of each wheel slip signal, 

a mode control section which accepts processed 
slip averages and skid control conditions to detect 
split-adhesion operation and make thereupon the "Select 
High" or "Select low" decisions, and 

skid detector/controller sections which detect 
incipient skid conditions from the selected wheel 
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speeds and consequently control the axle braking 
pressures by driving the solenoids of brake pressure 
modulating valves in each channel on the basis of wheel 
slip or braking pressure limit requirements, 

the latter components collectively giving ABS 
operation characterised by having the vehicle operating 
mode set to "Select Low" until split-adhesion 
conditions are detected on any axle when on the first 
skid cycle where any processed and filtered wheel -slip 
level is large, whilst at the same time the processed 
slip levels at the opposite wheel on that axle and at 
the wheel on the opposite end of a second axle are both 
low and the deceleration of the vehicle does not exceed 
a mid range value in a predetermined band. 

Preferably, said band lies in the range 2 . 5 to 
3 . 5m/s 2 . 

In one preferred embodiment, detection of split -mu 
conditions is arranged to cause axles to be switched 
over from the "Select Low" operating mode, in which the 
lower wheel speed on an axle is instrumental in 
controlling the axle braking pressure to prevent either 
wheel locking, to the alternative "Select High" control 
mode in which the higher speed wheel is used to control 
only that wheel which is operating on the higher 
adhesion surface, characterised in that in this mode, 
the braking pressure on the steering axle is limited to 
a pre-set level set according to the following 
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relationship: - 

Pfl = Pfb + FPr, 
where - Pfl is steering axle P limit. 

Pfb is a constant . 

Pr is rear axle brake pressure, and 
F is a pre-set fraction chosen so that under 
steady state split -mu conditions, the high-mu wheel 

does not skid. 

In another preferred embodiment, dual reference 
speeds are developed, one for each side of the vehicle 
for use in normal running and in the "Select Low" mode, 
but wherein both switched to the speed signal of that 
wheel on the steering axle which is on the higher 
adhesion side of the vehicle once the "Select High" 

decision has been made. 

Advantageously, a means can be provided to allow 
the low mu wheel a chance to recover from the locked 
condition by the generation of a period in which the 
axle pressure is reduced to a pre-set low level, 
typically 0.5 bar, and then allowed to build up at a 
pre-set controlled rate if there is detected an 
increase in vehicle deceleration, as derived from the 
speed signals measured from either of the wheels which 
are running on the high adhesion surface, whilst the 
corresponding braking pressures are being maintained in 
slow rise. 

Means can be provided to allow the low mu wheel a 
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chance to recover from the locked condition by the 
generation of a period in which the axle pressure is 
reduced to the said low level and then allowed to build 
at said controlled rate if a filtered signal 
representative of the modulus of the rate of change of 
measured wheel deceleration shows an increase greater 
than a pre-set threshold during a period in which the 
braking pressure of that axle carrying the wheel from 
which the deceleration signal is being derived is being 
maintained in slow rise. 

In a further advantageous embodiment, in the 
"Select High" mode, each axle high-mu wheel is 
controlled so that the axle braking pressure build up 
rate which is normally made proportional to the 
pressure level developed, is regulated in an override 
mode by the level of slip detected between the vehicle 
reference and the actual wheel speed being measured, 
through the mechanism of generating small pressure drop 
commands which are proportional to the rate of pressure 
rise, interspersed with periods of said pressure rise. 

Preferably, in the latter embodiment, the speed of 
the high-mu wheel is regulated to a pre-set target low 
level of slip, but if this wheel slip increases, a 
fixed percentage braking pressure drop is generated so 
as to reduce the actual wheel slip to the set target. 

Advantageously, on failure of the high-mu wheel to 
recover, as detected by slip and wheel deceleration 
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levels exceeding pre-set thresholds, there is produced 
a full ABS pressure dump command until the wheel 
deceleration is reduced. 

In some preferred embodiments, the transition from 
split -mu to low mu causes reversion to the "Select Low" 
mode when detected by wheel slip or re -acceleration 
levels exhibiting sensibly equal values at both wheels 
on the axle. 

The invention is described further hereinafter, by 
way of example only, with reference to the accompanying 
drawings, in which: - 

Fig. 1 illustrates a typical EBS system of known 

m 

type; 

Fig. 2 is a system diagram illustrating one 
embodiment of a single split -mu detector in accordance 
with the present invention; 

Fig. 3 shows a number of operational response 
curved of the system of Fig. 2 on split -mu where the 
right hand wheels are on the low adhesion surface and 
therefore skid first during braking; 

Figs. 4a and 4b illustrate how slip and pressure 
command vary in certain operational conditions; and 

Fig. 5 shows a series of response curves in 
another operational condition. 

Referring first to Fig. 1, there is illustrated a 
typical known electronic braking system EBS having ABS 
in which two axle-based relay valves 10, 12 are 
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electrically controlled to adjust the supply of 
actuating fluid to respective pairs of brake actuators 
13a, 13b. Four wheel speed sensors 14 supply 
electrical signals dependent upon the respective wheel 
speeds. The relay valves 10,12 set the axle braking 
pressures in proportion to the driver's demand as 
generated by an electrical signal from a brake pedal 
16, under the supervision of an electronic controller 
18. This process will be interrupted whenever the 
wheel speeds, derived by well known processing of the 
wheel speed sensor outputs, are interpreted by the 
controller 18 as the commencement of a wheel skid 
condition. The present invention is concerned, inter 
alia, with how the pressure output signals are modified 
to produce good stability, along with acceptable 
stopping distances, on split-mu surfaces, both in the 
case of two-channel systems and systems having more 
than two channels . 

The principle employed generates from the wheel 
speed sensors four sets of wheel data, namely speed, 
deceleration, acceleration and slip by suitable 
processing in the controller. On homogeneous surfaces, 
an effective "Select -Low" regime is employed whereby 
the lowest wheel speed data on the axle is examined 
continuously in an algorithm which generates the level 
of axle pressure appropriate to the maintenance of 
effective control of the speed of that selected wheel. 
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Thus, the first wheel to skid is instrumental in 

controlling pressure throughout the cycle and the last 

wheel to recover effects the reapplication of braking 

pressure to both wheels on the axle. 

On split adhesion surfaces, the tyre to road 

friction level on one side of the vehicle is 

considerably lower than on the other side of the 

vehicle. This condition ideally requires individual 

control of wheel braking pressures but, even in such a 

system, independent control of front wheel brakes, 

purely on the strict basis of controlling wheel speeds 

during skidding, is never used since the steering pull 

* 

generated threatens control of the vehicle directional 
stability. In the system being described, " Select -Low" 
control is employed initially until split-adhesion 
conditions are detected by monitoring the comparative 
wheel slip levels at each side of the vehicle. 

Split-adhesion operation, with an attendant mode 
change, is accepted if at any time one wheel on a first 
axle exhibits a level of slip sufficiently high and 
increasing faster than a pre-set rate, so as to be 
interpreted as a skidding condition, whilst the wheel 
on the opposite end of the axle is running at low slip 
AND the wheel on the opposite end of a second axle of 
the vehicle is also in low slip. Once split adhesion 
conditions are assumed, the "Select Low" operating mode 
is changed for the vehicle as a whole, provided that 
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the vehicle deceleration is below a predetermined level 
set for the vehicle and lying in the range 2.5-3.5m/s 2 - 
This results in operation on high adhesion split -mu 
surfaces remaining in "Select Low" mode, thereby- 
preventing any wheel locking and consequent tyre 
damage . 

The reliability of this detection process is 
improved by employing two vehicle speed reference 
signals VRL & VRR, one for each side of the vehicle, 
from which the wheel speed values are subtracted to 
generate four slip figures. This is shown in Fig. 2 
where wheel speed values are obtained frequently and 
regularly from a wheel speed converter block 40 which 
takes input from the wheel sensor pulse trains, 
Wl,W2,W3,W4 in a manner which is well known in the art. 
VRL & VRR are produced at 42 from left and right side 
filtered wheel speed signals by accepting the highest 
levels and are used in the front and rear slip 
detectors 44a, 44b to produce wheel slip signals which 
provide input conditions for the four skid detectors 46 
and the single split -mu detector 4 8 of Fig. 2. The 
advantage of the use of dual reference signals lies in 
not increasing the detector sensitivity during vehicle 
cornering or operation in bends. 

Converted wheel speeds also feed the skid 
detectors 64a, 64b for front and rear channels via 
blocks 62a, 62b which form the wheel deceleration 
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signals through a differentiation process whilst the 
slip detector outputs are combined with these 
deceleration signals so as to allow the skid detectors 
64a, 64b to make skidding and recovery decisions on the 
most up to date wheel derived signals. This section 
also controls the pressure demands on a cycle basis 
which generally comprises dump, hold and fast & slow 
rebuild phases. Wheel signals are processed to form, 
for each axle, signals as above for the high speed and 
the low speed wheels on the axle and these are selected 
for the skid detectors 64a, 64b by switching stages 
90a, 90b, 90c, 90d which are controlled by a mode control 
unit 50 which normally resides in the base state so as 
to select the low wheel signals and is switched into 
the "Select High" state only when split -mu skidding is 
detected . 

On an occurrence of the first wheel to skid, the 
high and increasing level of wheel slip appearing 
causes the split-mu detector 48 to make comparison 
between slip at this wheel and those on the wheels on 
the opposite side of the vehicle. If uniform or near 
uniform conditions are present, both wheels on the axle 
will be in similar slip conditions and split-mu will 
not be detected so that mode control 4 8 will remain in 
"Select Low" and axle braking will be set so as to 
control the lower wheel speed without losing much 
adhesion utilisation on the higher wheel. 
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On split -mu being detected however, the slip 
differences between opposite side wheels will be 
significant and the detector 4 8 checks the comparative 
slip between each skidding wheel and the opposite 
sidewheel on the other axle. If these levels also show 
considerable differences, the split -mu detector 4 8 will 
signal the mode control 50 to switch to "Select High" , 
provided that the filtered vehicle deceleration as 
derived from the vehicle reference, is less that the 
pre -set level set to depend on the actual vehicle but 
to lie in the 2.5-3.5m/s/s range . 

This mode change causes both axles to change over 
to select the high wheel signals as the source for skid 
detector inputs and at the same time selects the 
vehicle reference source from the front axle high wheel 
instead of the average of the higher speed wheels . 
This generally results, on slip-mu surfaces, in the 
low-mu wheels locking as pressures are gradually 
increased on each axle. 

On many surfaces, the high-mu wheels will not skid 
at all unless braking demand is very high and in most 
cases the skid detectors are quiescent until brake 
pressure has built up. This is particularly the case 
on the front axle where pressure build-up is limited in 
the pressure controller 60 to a fixed level Pfb 

to obtain good braking from the front high-my 
wheel. When the rear axle is laden, some increase in 
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the front axle load is inevitable and a higher level of 
braking can be accepted. Therefore the front braking 
pressure limit Pfl receives a higher setting by fixing 
the limit at: 
Pfl = Pfb + FPr 

where Pr is the rear axle braking pressure. 
F is a fraction of this pressure, 

and F is selected so that under steady state conditions 
the front axle high-mu wheel does not skid but retains 
however an ideal level of braking below that which 

risks skidding. 

In the "Select High" control mode, the build-up of 
pressure is made exponential by arranging for the rate 
to be proportional to the pressure level reached until 
interrupted at the front by the limiting action 
outlined above and at the rear by the onset of easily 
detectable slip. The slip detectors, in this mode, are 
switched to operate in a manner such as to hold low 
levels of slip at the high wheels, typically 0.3 kph + 
3%. This is achieved in the cycle control and pressure 
control units in concert through the means of 
generating a small pressure reduction step immediately 
this slip level is sensed. These reductions are 
interspersed between periods of slow pressure rise if 
the slip level falls as a response to the reduction. 

Fig. 3 shows the system responses on split -mu 
where the right hand wheels are on the low adhesion 
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surface and therefore skid first during braking. These 
low-mu wheels cause corrective pressure dumps to be 
initiated at both axles but comparative slip 
differences are registered across each axle. The 
split-mu detector 48 is invoked by these differences 
and sets the mode control 50 into "Select High" , 
allowing pressure build-up on both axles. The front 
axle builds up to the pressure limit as described above 
and the rear pressure increases until wheel slip 
exceeds the very small threshold which indicates that 
the skid pressure for the high mu wheel is being 
approached. The rear axle pressure^ is thereafter 
controlled in a series of small pressure adjustment 
cycles and is able to hold slip, a useful level of 
vehicle deceleration being achieved in this mode as the 
stop progresses. The operation of this slip holding 
cycle is described in detail below, taking into account 
practical cases where wheel response to small pressure 
drops cannot be assured. 

If this slip level does not fall, this pressure 
drop is repeated after a delay of some 100ms. This is 
shown in Fig. 4a where slip is increasing as brake 
pressure rises slowly. At point A, the target 
threshold is exceeded and a small pressure drop is 
produced. This is insufficient to reverse the tendency 
to lose control of the high-mu wheel speed and after a 
pre-set time period a second pressure drop is produced 
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which is effective at reducing braking and reversing 
the speed loss trend. As the wheel re -accelerates at 
point B, brake pressure slowly increases and at some 
point C, the wheel slip starts to increase and a 
further pressure reduction phase is produced as the 
slip target is exceeded once more. This mechanism of 
small pressure reductions interspersed with periods of 
slow pressure rise causes slip holding around the 
selected slip target giving good adhesion utilisation 
and stable operation. 

In cases where the wheel speed does not respond to 
the pressure reduction increments as the target slip is 
exceeded, slip continues to build until a deeper slip 
threshold is reached at point A, set typically at 5%, 
and this causes a much deeper pressure reduction cycle 
which ends when the axle braking pressure has been 
reduced to a pre-set percentage, typically 50%, of the 
initial value at which the high-mu wheel should recover 
unless the adhesion level is reducing. If this is the 
case, there will be no wheel recovery and a full ABS 
dump cycle is applied to the axle such that braking 
pressure reduction will be ended only when the wheel 
response changes from deceleration into acceleration as 
is shown in Fig. 4b. Thus, beyond point B, wheel speed 
is shown as recovering whilst brake pressure is 
increasing. When the brake reaches a pressure equal to 
a pre-set percentage of the initial pressure Pi, the 
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fast rise is changed at point C to a slow rise in order 
to prevent seriously overshooting the skid pressure for 
the high-mu wheel and the objective is to settle down 
the response into a limit cycle oscillation around the 
target slip St as shown in Fig. 4a. 

In practice, split -mu conditions often are short 
lived and the system recognises the need for testing 
for improvement in the "low" adhesion surface when in 
the "Select High" mode. The low wheels are locked 
during "Select High" split adhesion operation but 
changes to the adhesion level causes some oscillatory 
movement at the axle which is detectable from the high 
adhesion wheel speeds given special processing. These 
speed signals are processed to form rate of change of 
acceleration values at every new speed sample. As 
shown in Fig. 2, acceleration signals are fed from the 
selected wheel speed differentiators 62a, 62b which 
provide the deceleration and acceleration signals to 
the skid detectors 64a, 64b. These signals are further 
differentiated at 66a, 66b and from the resulting rate 
of change of acceleration signals, filtered modulus 
values are formed for each wheel at 68a, 68b. The 
modulus values are compared with a pre- set reference 
level in comparators C3 and C4 and if either exceeds 
this level OR gates 02 or 03 produce a pulse to trigger 
the appropriate Low Wheel Recovery Opportunity 
Generator 70a, 70b, (LWROG) . This circuit initiates the 
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axle pressure reduction cycle control unit 72a, 72b 

which overrides the pressure control unit 60 for that 

axle which has triggered the response and produces an 

override input which causes the braking pressure to be 

sharply reduced to a low level, typically 0.5bar, for a 

short period. This gives the low adhesion wheel a 

chance to recover and the pressure controller takes 

consequent action depending on the response from the 

low wheel speed. If this wheel speed shows no 

increase, the pressure reduction control restores the 

pressure at a controlled fast build-up rate to the 

original level as set by the main cycle control 

associated with the axle skid detector. However, if 

the low wheel speed increases from the zero of the 

locked condition, then the axle pressure reduction 

cycle controller generates a slow pressure rise which 

is changed into the normal exponential rise as the slip 

level falls. 

Normally, the front axle detection occurs first 

and when the slip level falls to less than 50%, the 
split-mu detector 48 causes a switch back to "Select 
Low" for the vehicle as a whole. If the rear axle low- 
mu wheel has not recovered at this point, the switch 
back causes a pressure reduction so as to effect a full 
recovery as "Select Low" operation is resumed. This is 
illustrated in Fig. 5 where the wheel speeds can be 
seen as WFl, WRh, WT1 & WRh, showing split-mu operation 
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at point A when both low wheels are in substantial slip 
whilst the opposites wheel are in very low slip. The 
initial pressure response of the ABS action is 
curtailed at point A when the "Select High" change-over 
is made. Pressure builds up on both axles and the low 
wheels are abandoned to lock. The front axle pressure 
builds up to a limit of Pfl and, on the rear axle 
developing slip, causes the pressure to fall slightly. 
At point B, however, the modulus of the rate of change 
of front wheel acceleration reaches a value where the 
pre -set threshold is exceeded and the front axle 
pressure is rapidly reduced to 0.5bar. This is 
successful in encouraging the front low wheel to 
reaccelerate since the adhesion thereunder has improved 
and as the wheel gains speed, the slip falls below the 
50% level at point C. This immediately causes the mode 
control 50 to revert back to "Select Low" and, since 
the rear axle skid detector 64b suddenly sees the 
locked wheel at the speed input, the pressure is dumped 
to generate a recovery. Both wheels on the low-mu 
surface skid again but conditions are not detected 
which would cause further switching into the "Select 
High" state since the cycle on the front "low" wheel is 
insufficiently deep to register serious filtered slip 
on this wheel. 

A further mechanism for the detection of improving 
conditions during "Select High" operation is achieved 



BNSDOCID: <GB 



23231 38A_1_> 



by examination of the vehicle deceleration signal. 
This signal which is provided by a vehicle reference 
signal differentiator 80, is compared with the filtered 
output of the circuit obtained via a filter 82 , which 
is used as an enabling input to the mode control 50. 
Improving conditions cause vehicle deceleration to 
increase suddenly and comparator C5 detects this 
difference and generates via OR gates 02 and 03, a 
pressure reduction cycle on the front axle in order to 
give the low mu wheel a chance to recover. If the slip 
on this wheel falls below 50%, indicating recovery, 
then the mode control is set to "select low" on both 
front and rear axles which ensures that all wheels are 
maintained in a low slip condition. 

Another exit possibility causing reversion to 
"Select Low" control occurs when the higher-mu level 
falls to the lower mu level. This will be accompanied 
by a pressure reduction at each axle as the system 
reacts to maintain control of the higher speed wheel on 
the axle. In many circumstances, it is possible that 
the low-mu wheels, as pressure cycling takes place, 
will recover. If both wheels on the front axle show 
comparable levels of recovery acceleration, the split- 
mu detector resets the mode control into "Select Low" 
and control action is based on the first wheel to skid 
thereafter. 

The split mu detector can also be switched to 
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" select low" control if the filtered slip levels of 
both front wheels fall to a very low level, indicating 
a rise in the rau level on the low mu side of the 
vehicle. A further way of switching back to "select 
low" can occur when the filtered slip levels of all 
wheels exceed a predetermined value, thus indicating a 
fall in mu level on the high mu side of the vehicle. 

The provisions of the abovedescribed system allow 
an EBS system to achieve a good performance on split -mu 
surfaces even though there is provided only axle 
control, thereby saving, on a 2 axle vehicle, 2 control 
channels. By restricting the switching to "Select 
High" to lower vehicle decelerations, tyre damage is 
prevented as there is no wheel locking on other than 
low-mu surfaces . 
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CLAIMS 

1 . A two or more channel electronic braking 
systems (EBS) adapted to control at least one axle by a 
single control channel and wherein wheel speed signals 
from at least four vehicle wheels are processed in an 
electronic controller, the EBS comprising: 

wheel speed input processors which provide 
accurate wheel speed measurements which are updated 
frequently and regularly and further processed to yield 
w heel and vehicle deceleration signals and a rate of 
change of deceleration signal, 

wheel speed selectors which are switched by a mode 
control to "Select Low" or "Select High" when split mu 
conditions are detected, so as to connect the 
appropriate wheel speed signal as the skid detector 

input , ^ 

reference speed generators which process wheel 
speed signals to form an average reference speed level 
for each side of the vehicle, 

slip detectors which compare wheel speed readings 
with the appropriate reference speed and produce slip 
signals for each wheel, 

slip processors which form a long time constant 

average of each wheel slip signal, 

a mode control section which accepts processed 
slip averages and skid control conditions to detect 
split-adhesion operation and make thereupon the "Select 
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High" or "Select low" decisions, and 

skid detector/controller sections which detect 
incipient skid conditions from the selected wheel 
speeds and consequently control the axle braking 
pressures by driving the solenoids of brake pressure 
modulating valves in each channel on the basis of wheel 
slip or braking pressure limit requirements, 

the latter components collectively giving ABS 
operation characterised by having the vehicle operating 
mode set to "Select Low" until split-adhesion 
conditions are detected on any axle when on the first 
skid cycle where any processed and filtered wheel-slip 
level is large, whilst at the same time the processed 
slip levels at the opposite wheel on that axle and at 
the wheel on the opposite end of a second axle are both 
low and the deceleration of the vehicle does not exceed 
a mid range value in a predetermined band. 

2 . An EBS as claimed in claim 1 wherein said band 
lies in the range 2.5 to 3.5 m/s 2 . 

3. An EBS as claimed in claim 1 or 2, in which 
detection of split -mu conditions is arranged to 
axles to be switched over from the "Select Low" 
operating mode in which the lower wheel speed on an 
axle is instrumental in controlling the axle 
pressure to prevent either wheel locking, to the 
alternative "Select High" control mode in which the 
higher speed wheel is used to control only that wheel 
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which is operating on the higher adhesion surface, 
characterised in that in this mode, the braking 
pressure on the steering axle is limited to a pre-set 
level set according to the following relationship : - 

Pfl = Pfb + FPr, 
where - Pfl is steering axle P limit. 

Pfb is a constant . 

Pr is rear axle brake pressure, and 
F is a pre-set fraction chosen so that under 
steady state split-mu conditions, the high-mu wheel 

does not skid. 

4 An EBS as claimed in claim 1, 2 or 3 having 

0 

means by which dual reference speeds are developed, one 
for each side of the vehicle for use in normal running 
and in the "Select Low" mode, but wherein both switched 
to the speed signal of that wheel on the steering axle 
which is on the higher adhesion side of the vehicle 
once the "Select High" decision has been made. 

5. An EBS as claimed in claim 1, 2 or 3 in which 
means are provided to allow the low mu wheel a chance 
to recover from the locked condition by the generation 
of a period in which the axle pressure is reduced to a 
pre-set low level, typically O.Sbar, and then allowed 
to build up at a pre-set controlled rate if there is 
detected an increase in vehicle deceleration, as 
derived from the speed signals measured from either of 
the wheels which are running on the high adhesion 
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surface, whilst the corresponding braking pressures are 
being maintained in slow rise. 

6. An EBS as claimed in claim 1, 2 or 3 in which 
means are provided to allow the low mu wheel a chance 
to recover from the locked condition by the generation 
of a period in which the axle pressure is reduced to 
the said low level and then allowed to build at said 
controlled rate if a filtered signal representative of 
the modulus of the rate of change of measured wheel 
deceleration shows an increase greater than a pre-set 
threshold during a period in which the braking pressure 
of that axle carrying the wheel from which the 
deceleration signal is being derived is being 
maintained in slow rise. 

7. An EBS as claimed in claim 1, 2, 3 or 4 , in 
which, in the "Select High" mode, each axle high-mu 
wheel is controlled so that the axle braking pressure 
build up rate which is normally made proportional to 
the pressure level developed, is regulated in an 
override mode by the level of slip detected between the 
vehicle reference and the actual wheel speed being 
measured, through the mechanism of generating small 
pressure drop commands which are proportional to the 

rate of pressure rise, interspersed with periods of 
said pressure rise. 

8. An EBS as claimed in claim 6, in which the 
speed of the high-mu wheel is regulated to a pre-set 
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target low level of slip, but if this wheel slip 
increases, a fixed percentage braking pressure drop is 
generated so as to reduce the actual wheel slip to the 
set target . 

9. An EBS as claimed in claims 7 or 8, in which 
on failure of the high-mu wheel to recover, as detected 
by slip and wheel deceleration levels exceeding pre -set 
thresholds, there is produced a full ABS pressure dump 
command until the wheel deceleration is reduced. 

10. An EBS as claimed in claim 1, 2 or 3, in 
which the transition from split-mu to low mu causes 
reversion to the "Select Low" mode when detected by 
wheel slip or re-acceleration levels exhibiting 
sensibly equal values at both wheels on the axle. 

11. An EBS substantially as hereinbefore 
described, with reference to and as illustrated in 
Figs . 2 to 5 or the accompanying drawings . 
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